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Introduction
29
Infertility is a common clinical problem affecting 15% of couples; ovulatory disorders account for females (4) (5) (6) . Low estradiol levels suppress pulsatile GnRH/LH release, whereas sustained 38 elevations in estradiol during the late follicular phase of the cycle cause a switch of estradiol 39 feedback action from negative to positive, inducing prolonged GnRH/LH surges, which 40 ultimately triggers ovulation (7) . As GnRH neurons typically do not express detectable ERa (8) , 41 estradiol feedback is likely transmitted to GnRH neurons by ERa -expressing afferents.
42
Kisspeptin neurons in the arcuate and anteroventral periventricular (AVPV) regions are 43 estradiol-sensitive GnRH afferents that are postulated to mediate estradiol negative and positive 44 feedback, respectively (9, 10) . Kisspeptin potently stimulates GnRH neurons and Kiss1 mRNA 45 is differentially regulated in these nuclei by estradiol (10) (11) (12) (13) (14) (15) (16) . ERa in kisspeptin cells is critical 46 for estradiol negative and positive feedback, as kisspeptin-specific ERa knockout (KERKO) 47 mice exhibit higher frequency LH pulses and fail to exhibit estradiol-induced LH surges (17) (18) (19) (20) . 48 4 Although informative, the KERKO model has several caveats that limit interpretation. First, ERa 49 is deleted as soon as Kiss1 is expressed, before birth in arcuate kisspeptin neurons (also called
50
KNDy neurons for coexpression of kisspeptin, neurokinin B and dynorphin) and before puberty 51 in AVPV kisspeptin neurons (21, 22) . This may cause developmental changes in these cells 52 and/or their networks. Second, ERa is deleted from all kisspeptin cells, thus making it 53 impossible to assess independently the role of AVPV and arcuate kisspeptin neurons.
54
Combining CRISPR-Cas9 with targeted viral vector injection allows deletion of ERa in a 55 nucleus-specific and temporally-controlled manner to address the above caveats (23 
77
We next recorded the whole-cell firing signatures of neurons in these six groups in response to 78 current injection. AVPV kisspeptin neurons in control mice exhibit a greater number of 79 depolarization-induced bursts (DIB) and rebound bursts when estradiol is elevated, confirming 80 5 previous observations (25) (Fig 1 C, D 
104
Design and validation of sgRNAs that target Esr1. A caveat of studying the role of ERa in 105 AVPV kisspeptin neurons using KERKO mice is that the deletion of ERa (encoded by Esr1) 106 using cre recombinase under the control of the kisspeptin promoter is neither time-nor location-107 specific. We utilized the CRIPSR-Cas9 approach to achieve temporal and spatial control of Esr1 108 gene knockdown. Two sgRNAs were designed that target exon1 of Esr1 based on software 109 prediction (27) and the efficiency of each guide tested in vitro in C2C12 mouse myoblast cells 110 (28) . The sgRNAs that target Esr1 and a sgRNA that targets lacZ as a control were subcloned 111 into the lentiCRISPRv2 plasmid (29) (Fig 2B) . The AAV vector was bilaterally stereotaxically injected into the AVPV region 119 of adult female mice that express Cas9 and GFP under control of the kisspeptin promoter (Fig   120   2C , SI Appendix Fig S3A) ; these groups are referred to as AVPV-AAV-Esr1 or AVPV-AAV-lacZ.
121
Only one guide was injected per animal to allow comparison of phenotypes when different areas 122 of Esr1 were targeted. The ERa knockdown efficiency of the two sgRNAs target Esr1 was 123 comparable. The infection rate for AVPV-AAV-Esr1 was 81±4% (Fig 2D, Esr1- 
133
AAV-lacZ disrupted reproductive cyclicity (Fig 2E) , even in mice with a high rate of bilateral 134 infection (~80%). These mice entered proestrus at the same frequency in the last 4 terms of DIB and rebound bursts (Fig 3B, E, F) . In contrast, cells infected by AVPV-AAV-Esr1 153 that had undetectable ERa protein had reduced burst firing compared to AVPV-AAV-lacZ or 154 uninfected groups (Fig 3E, F (Fig 5A, B 
398
Slices were then transferred to 100% ACSF at room temperature for ≥30min before recording.
399
Slices were used within 6h of preparation.
400
Electrophysiology recordings Slices were transferred to a recording chamber and perfused with 401 oxygenated ACSF (3mL/min) and heated by an in-line heater (Warner Instruments) to 30±1 °C. 
450
Then membrane potential was varied in 10mV increments for 250ms from −110 to -30mV.
451
Finally, test pulse of -40mV for 250ms was given. From examination of the current during the 452 test pulse, it was evident that no sustained (high-voltage activated) calcium current was 453 activated at potentials more hyperpolarized than -40mV. To remove HVA contamination from 454 the step to -30mV, a second protocol was used in which removal of inactivation (-110mV, 455 350ms) was followed by a 250ms prepulse at -40mV, then a step for 250ms at -30mV and 
513
LH assay (50) . Intraassay CV was 2.2%; interassay CVs were 7.3% (low QC, 0.13 ng/mL), 5.0%
514
(medium QC, 0.8 ng/mL) and 6.5% (high QC, 2.3ng/mL). Functional sensitivity was 0.016ng/mL.
515
Data analysis and statistics. Data were analyzed offline using custom software written in IgorPro Supplementary Tables   Table S1 . 
